Abstract: Recently, the increase in aged wanderers or the infant abduction is becoming the serious social problem. The practical use of the GPS function loadings shoes is advanced to prevent such incident occurring. The shoes mountable dual-band antenna that can correspond to the GPS signal reception, and the uplink into the wide area network is proposed in this report. The GPS-band of the proposal antenna is used to acquire the positional information on shoes. On the other hand, acquired shoes positional information is uplinked to the wide area network by Wi-Fi-band, and is used to inform the police or the nurse.
Introduction
Recently, the increase in aged wanderers or the infant abduction is becoming the serious social problem. Especially, the development of a preventive technology of such an incident is strongly hoped for in the East Asian region where low birth rate and longevity progress rapidly. The technology that continuously observes elderlies or child's positions is practicable as a preventive technique of such an incident. The practical use of the GPS function loadings shoes is advanced to continuously observe the target person's position [1] . The antenna element is often stored in sole though the radiation efficiency decreases by user's foot in the GPS function loadings shoes. Moreover, the antenna that transmits measured positional information to the smart phone's network is also equipped into the sole. However, the development of the dual-band antenna and the investigation of antenna loading position become important problems in achievement of the antenna properties and shoe's comfortableness. Therefore, the development of the novel dual-band antenna (corresponding to GPS and Wi-Fi band) that can be loaded on the tiptoe of shoes is described in this report. The GPS-band of the proposal antenna is used to acquire the positional information on shoes. On the other hand, acquired shoes positional information is uplinked to the wide area network by Wi-Fi-band, and is used to inform the police or the nurse.
Antenna structure
Specifically the dual-band antenna corresponding to GPS band (1.575 GHz) and Wi-Fi or Bluetooth band (2.4 GHz) is proposed. In addition, it is assumed to load the dual-band antenna for shoes that will always be put on when the person goes out. The configuration of the proposal antenna and Positional relationship of the antenna and the foot model are shown in Fig. 1 . The optimum antenna dimensions in free space are H1 ¼ 13 mm,
The distance between the foot model and the dielectric spacer is 2 mm. This is because the thickness of the shoe's skin was assumed to be about 2 mm. Also the ground and the dielectric spacer are in contact. A basic concept of the proposal antenna derives from inverted-F antenna and T-shape monopole antenna. The shorting point and the feed point are set up around the center of main antenna element. The right hand side element as viewed from the feed point contributes to GPS-band and other side element contributes to Wi-Fiband. Moreover, a parasitic element is loaded above of the main antenna element for the impedance matching within Wi-Fi-band [2] . The antenna element is sandwiched between the dielectric spacer (relative permittivity " r ¼ 2:0, conductivity ¼ 0:01 S/m) to increase the durability. Because the wearable antenna is used near the human body, it is necessary to simulate the body effect for the antenna design [3] . Concretely, because the proposal antenna will be loaded in the shoe's tiptoe, it is necessary to simulate foot influence. The foot model's size is based on the Report of National Institute of Bioscience and Human-Technology [4] . The foot model is divided into muscle part (relative permittivity " r ¼ 36:5, conductivity ¼ 0:85 S/m) and bone part (relative permittivity " r ¼ 15:0, conductivity ¼ 0:58 S/m). The electric constant of the foot model is drawn from the body tissue dielectric parameters database of the Federal Communications Commission [5] . In addition, it is necessary to consider the influence of the ground into the antenna properties. The asphalt is assumed as a stuff of the ground (relative permittivity " r ¼ 2:7, conductivity ¼ 0:1 S/m).
Simulated results and discussion
The Finite Difference Time Domain (FDTD) method is used for antenna design and antenna properties estimation [6] . The Fig. 2(a) shows the result of antenna input properties in ideal situation (in free space) and actual use environment. As results in Fig. 2(a) , it is confirmed that antenna input properties slightly deteriorate when foot or ground existed. To reduce the influence by the foot and ground, an impedance control plate is mounted on the backside of the dielectric spacer as shown in Fig. 1 . Four models were designed for the optimization of impedance control metal plate loading, and the performance of each model was verified. As for the Model-1, antenna elements are totally covered with the impedance control plate. In Model-2, only an antenna main element is covered with impedance control plate, and a parasitic element is not covered. As for Model-3, a part of ground plane is covered with the impedance control plate, in addition to the Model-2. It is Model-4 that only the ground plane is covered with the impedance control plate. The input properties as the function of the frequency with four models are shown in Fig. 2(b) . As results, it was confirmed an antenna input property deteriorated by the foot and ground existence be able to cancel with the impedance control plate loadings. Consequently, Model-3 shows the best antenna input properties at both of GPS and Wi-Fi frequency bands. Fig. 3(a) shows analysis results of radiation properties in GPS-band and Wi-Fi band under the situation of Fig. 1 . When the foot and ground are adjacent to the antenna, the maximum radiation gain reaches 4.1 dBi at direction of 50°on xy plane at GPS-band. Also, when the foot and ground are adjacent to the antenna, the maximum radiation gain reaches 6.9 dBi at direction of 0°on xy plane at Wi-Fiband. The radiation gain in the direction of the zenith is emphasized by the influence of ground. Since the signal of GPS satellite comes from the zenith direction, it is preferable that the radiation gain in the 0°direction becomes high. Fig. 3(b) shows analysis results of radiation properties in GPS-band and Wi-Fi band under the impedance control plate loadings situation. The maximum radiation gain of Model-3 that the input characteristic was the best reaches 2.7 dBi at direction of 50°on xy plane at GPS-band. Moreover, the maximum radiation gain of Model-3 reaches 6.7 dBi at direction of 0°on xy plane at Wi-Fi band. Accordingly, it was confirmed that the impact to the radiation property is few though the loadings of impedance control plate some decrease the maximum radiation gains at GPS-band. 
Conclusion
This letter proposed the shoes mountable dual-band antenna which can correspond to the GPS signal reception, and the uplink into the wide area network. It was shown to be able to achieve the dual-band antenna for shoes loadings by simple modified inverted-F antenna. However, it was also confirmed that the input property of proposed antenna slightly deteriorated when the foot or ground existed. Consequently, to reduce the influence by the foot and ground, an impedance control plate was mounted on the backside of the antenna. It was confirmed that the impact to the antenna radiation property was comparatively small though the loadings of impedance control plate was effective in the control of the antenna input property. At target frequencies, input properties with final configuration of antenna could satisfy the requirement (VSWR less than 1.5 at 1.575 GHz, VSWR less than 1.5 at 2.45 GHz). Moreover, the maximum radiation gain in GPS-band of the proposal antenna reached 2.7 dBi and also the maximum radiation gain in Wi-Fi-band reached 6.7 dBi. The prototype of this antenna will be fabricated in the future, and the demonstration test will also be carried out.
(a) Environmental dependency of radiation of the antenna without radiation control plate.
(b) Environmental dependency of radiation of the antenna with radiation control plate. 
